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Although amperometric measurement of hydrogen is not common, we wondered whether the conventional Clark electrode for measurement of oxygen could be applied to measurement of hydrogen simply by proper The cuvet proved to be more leaky for hydrogen than for oxygen. The top port of the cuvet is normally sealed by a groundglass stopper with capillary open to air. Except at oxygen concentrations far removed from that at equilibrium with air, diffusion leakage through the capillary is negligible. However, even at very low concentrations of hydrogen, leakage was appreciable as evidenced by drift toward lower concentrations with time. The glass stopper was redesigned (Fig. 1) . A 6 mm inner diameter glass tube was sealed to a standard taper joint 5 mm inner diameter at the lower opening. A spherical glass ball at the end of a 2 mm glass rod was hand-ground to seal against the inside bottom of the tapered joint. Liquid level in the cuvet was maintained slightly above the sealing point. Raising the ball to an upper part of the taper gave sufficient clearance for insertion cf a 20 gauge needle for aeration or for injection of added microliter quantities of solutions. With this modification the only leakage path remaining was that through the membrane and electrode assembly.
A second technical difficulty arose in stability of electrode sensitivity, which drifted with time after imposition of a chosen polarizing potential. Polarograms of current signal versus potential showed a marked hysteresis when traversed first toward higher and then toward lower potentials. For example, the current at 0.6 v after a period at 0.7 v was almost twice that observed after a period at 0.5 v. Following procedures suggested by Gilman (2), we conditioned the electrode surface by a treatment consisting of about 10 min of timed 50/min alternations of polarizing potential between +0.2 and +0.8 volts. After such treatment, the current signal in response to a small concentration of hydrogen decayed slowly, about 10%/-in the 1st hr and about 25%" in 30 hr. In practice a new membrane preparation and electrode conditioning were applied once each day. Figure 2 demonstrates linearity and typical sensitivity. Time response (not shown) is estimated as follows. After a step change by injection of hydrogen-saturated water, the initial current response was rapid (<1 sec) but approach to final current was much slower (50% in 4 sec, 90%e in 50 sec). We consider the current signal specific for hydrogen. The movable by aeration with nitrogen, which reduced the signal to a minimum in all experiments noted below.
We have applied the method to re-examine some of the observations of Healey (3) rnoewusii. Experimental protocol is shown in Figure 3 . Repetitions of this procedure on a single sample maintained in the cuvet allowed observation of the time course of adaptation and, thereafter, the effect of light intensity or additives on rate of hydrogen evolution. Figure 4 shows that anaerobic dark adaptation was manifest as an increase in rate of hydrogen evolution which was roughly parallel in darkness and in light. After prolonged (10 to 12 hr) incubation, the dark rate fell to a low level at which the effect of light could be more clearly distinguished. The time course of these events is similar to, but delayed in time from, that observed by Healey (3), possibly because of the higher pH used. Frenkel and Lewin (1) observed that adaptation to photoreduction by C. moewusii was more rapid at pH 5.6 than at pH 9.0.
The following observations were made with cells anaerobically incubated in darkness until the dark rate of hydrogen evolution was 0.3 to 0.5 of the light rate. Effects of added DCMU and CCCP3 are shown in Figure 5 . Immediate effects of DCMU and CCCP on photoevolution of hydrogen are similar to those reported by Healey (3). The slow subsequent decay in photoevolu-°A bbreviation: CCCP: carbonyl cyanide *n-chlorophenyl-hydrazone.
tion remains unexplained although we have no evidence that the cells remain metabolically active.
The experiments with C. moewvusii are presented principally as a demonstration of use of the method. The method has obvious advantages in sensitivity, specificity, and speed of response. These are coupled with the limitation of a very low reservoir for hydrogen concentration (up to 0.2 ,1u,ml). In use at high concentrations of hydrogen, as in studies of hydrogen uptake, the electrode becomes noisy in just the same fashion as in its use for oxygen. Additional effort would be required to obtain high sensitivity at high hydrogen concentration. Our study has not sought to optimize all conditions. It provides at a level of practical utility a biologically applicable amperometric measurement for hydrogen.
